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(54) TiUe: SKEW AND TWIST RESISTANT HYDRODYNAMIC ROTARY SHAFT SEAL 
(57) Abstract 

A hydrodynamically lubricated squeeze packing type rotary shaft seal 
(105) suitable for lubricant retention and environmental exclusion which 
incoiporates one or more resilient protuberances (200) which cooperate 
with the gland walls to hold the seal straight in its installation groove 
(104) in unpressurized and low pressure lubricant retention applications 
thereby preventing skew-induced wear caused by inpingement of abrasive 
contaminants present in the environment, and which also serve as radial 
bearings to prevent tipping of tfie seal within its installation gland. 
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TTTLE: SKEW AND TWIST RESISTANT HVDRODYNAMIC 
ROTARY SHAFT SEAL 

FIELD OF THE INVENTION 

This invention relates generally to rotary seals such as rotary shaft seals for establishing a seal 
between a relatively rotating surface and a housing within which the relatively rotating surface is 
located. More specifically the present invention concerns ring-like rotary seals of the squeeze packing 
type which composed of elastomeric sealing material which are contained within seal grooves and 
provide a seal geometry that provides for resistance to becoming skewed or twisted within the seal 
groove. This skew and twist resistant seal may also take the form of a hydrodynamic seal which 
wedges a lubricant film between the seal and the relatively rotating surface to inhibit seal wear and 
to exclude contaminants from the dynamic sealing interface. 

Although the presem invention is discussed herein particularly as it relates to shaft seals, such 
is not to be considered limiting of the scope of the invention. The invention also has application to 
other types of dynamic seals as well. 

BACKGROUND OF THE INVENTION 

Industry has found many uses for the hydrodynamically lubricated, ring shaped squeeze 
packing type rotary shaft -.eals embodying the principles set forth in U.S. Patents 4,610,319 and 
5,230,520 and marketed by Kaisi Engineei'ing, Inc. of Sugar Land, TX under the registered 
trademark, Kalsi Seals®. Kalsi Seals are used to provide lubricant retention and contaminant 
exclusion in harsh abrasive environments, such as the downhole oil field drilling environment. Present 
commercial oil field applications include rotary cone rock bits, mud motors, high speed coring 
swivels, and rotating drilli.ig heads. All references herein to hydrodynamically lubricated seals or 
hydrodynamic seals are directed to seals embodying the principles of the above identified U.S. 
Patents. 

FIGS. 1 , 2, 2A and 3 of this specification represent Kalsi Seals prior art which is discussed 
herein to enhance the readers' understanding of the distinction between the prior art seals and the 
presem invention. 

Referring now to the prior an of FIG. 1 there is shown a cross-sectional view of a 
hydrodynamically lubricated squeeze packing type rotary shaft sealing assembly generally at 1 
including a housing 2 from which extends a rotary shaft 3. The housing defines an internal seal 
installation groove, seat or gland 4 within which is located a ring shaped hydrodynamic rotary shaft 
seal 5 which is constructed' in accordance with the principles of the above mentioned patents and 
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5 which is shown in greater detail in the partial sectional views of FIGS. 2 and 2A. 

FIG. 2 represents the cross-sectional configuration of the prior art seal 5 when located within 
its seal groove and radially compressed between the rotary shaft and the radially outer wall of the seal 
groove, and FIG. 2A represents the radially uncompressed cross-sectional shape of the prior art seal. 
The hydrodynamic seal is used to separate the lubricant 6 from the environment 7, and to 

10 prevent intermixing of the lul)ricant and the contaminant matter present within the environment. The 
environment usually contains highly abrasive particulate matter within a liquid vehicle; an example 
of such an environment would be oil field drilling fluid. From an overall orientation standpoint, the 
end of the seal which is oriented toward the lubricant is surface 8 and the end of the seal which is 
oriented toward the environment 7 is surface 9. 

1 5 When the seal 5 is installed in the circular seal groove or seat 4, a circular radially protruding 

static sealing lip 10 is compressed against a counter-surface 1 1 of the groove per the teachings of 
U.S. Pat. No. 5,230,520. At the inner periphery of the circular sealing element 5 there is provided an 
inner circumferential sealing lip 12 that defines a dynamic sealing surface 13 that is compressed 
against a counter-surface 14 of the rotatable shaft 3. The circular seat or seal groove 4 is sized to hold 

2 0 the resilient circular sealing element 5 in radial compression against the cylindrical sealing surface 1 4 
of the shaft 3, thereby initiating a static seal with the housing and shaft in the same manner as any 
conventional squeeze packing seal, such as an 0-Ring. When shaft rotation is not present, a liquid 
tight seal is maintained at the static sealing interface between the static sealing lip 10 and the mating 
counter-surface 1 1 of the seat, and between the dynamic sealing lip 12 and the counter-surface 14 

25 of the shaft. 

When shaft rotation takes place, the hydrodynamic seal remains stationary with respect to the 
housing, and maintains a static sealing interface with said housing, while the seai-to-shaft interface 
becomes a dynamic sealing interface. The inner peripheral surface of the hydrodynamic seal inner lip 
12 incorporates a geometry that promotes long seal life by hydrodynamically lubricating the dynamic 

30 seal-to-shaft interfacial zone, and by excluding environmental contaminates from the seal to shaft 
interface. The inner peripheral hydrodynamic seal lip 12 incorporates a wavy, axially varying edge 15 
on its lubricant side, and a straight, sharp edge 16 on its environmental side. The radial cross-section 
of FIGS. 2 and 2A is taken at a circumferential location which represents the average width of the 
dynamic sealing lip. As relative rotation of the shaft takes place, the wavy, axially varying edge 15 

35 on the lubricant side of the dynamic sealing lip, which has a gradually converging relationship with 
the shaft in the axial and circumferential directions, generates a hydrodynamic wedging action that 
introduces a lubricant film between the seal inner surface 13 and the counter-surface 14 of the shaft 




wo 97/01721 PCT/US96/10733 

. -3- 

5 per the teachings of U.S. Patent 4,6 1 0,3 1 9. This lubricant film physically separates the seal and the 
shaft, and thereby prevents the typical dry rubbing type wear associated with conventional non- 
hydrodynamic squeeze packing type seals, and thereby prolongs seal and mating shaft surface life and 
makes higher service pressures practical. This hydrodynamic action, which is described in detail in 
U.S. Patent 4,610,319, can more easily be understood by referring to FIG. 3, which shows a flat 

10 development of the cylindrical sealing surface 14 of the shaft, and which depicts the footprint of the 
dynamic inner lip 12 of the seal against the sealing surface 14 of the shaft. From an orientation 
standpoint, the lubricant is shown at 6, the seal footprint is shown at 17, and the environment is 
shown at 7. The lubricant side of the footprint has a wavy edge 18 treated by the wavy edge 15 of 
the seal, and the mud side of the footprint has a straight edge 1 9 created by the sharp circular comer 

15 16 of the seal. The lubricani is pumped into the dynamic sealing interface by the normal component 
Vjj of the rotational velocity V. 

Referring again to FIG. 2 and FIG. 2A, the sharp circular corner 16 of the environmental side 
of the seal is not axially varying, and does not generate a hydrodynamic wedging action with the 
environment in response to relative rotary motion, and thereby ftinctions to exclude particulate 

20 contaminants from the seal-to-shaft interface per the teachings of U.S. Patent 4,610,3 19. Slight axial 
shaft motions occur in many types of rotating machinery due to component flexibility and various 
internal clearances. The shaip comer 16, which is commonly known as the exclusion side or exclusion 
edge, excludes contaminants by performing a shaft scraping function during such axial shaft motions. 
Thus, as relative axial movement occurs between the shaft and seal, accumulated contaminants are 

25 scraped from the sealing surface of the shaft so that the dynamic sealing interface remains free of 
contaminants. This exclusionary action is described in detail in U.S. Patent 4,610,319. 

The illustration of FIGS. 2 and 2 A illustrates the customary type of general purpose Kalsi 
Seals rotary shaft seal that positions and configures the exclusionary edge 1 6 and the environmental 
end 9 of the seal 5 in such a manner that ihey are largely supported by the gland wall 20 in a manner 

30 that resists distortion and extrusion of seal materia! in those instances when the seal is subjected to 
the hydrostatic force resuhing from the lubricant pressure acting over the area between the static 
sealing interface and the dynamic sealing interface. Such force occurs when the lubricant pressure is 
higher than the environment pressure. FIGS. 1, 2 and 2 A show the seal being forced against the gland 
wall 20 by hydrostatic force resulting from the lubricant pressure acting over the area between the 

3 5 static sealing interface and the dynamic sealing interface. 

The projection 21 of the static sealing lip is typically less than or equal to one-half of the 
nominal radial compression so that most or all of the seal surface from circular corner 23 to circular 
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5 comer 24 is brought into close proximity or direct contact with the mating counter-surface 1 1 of the 
seating groove when the sea] is compressed. The close proximity and/or contact between the seal and 
the seat groove in the genera! vicinity of circular corner 23 provides stability against clockwise 
twisting of the seal within the gland, with the clockwise direction being visualized with respect to 
FIG. 2. This seal stabilization feature is important in implementations where a hydrostatic and/or 

10 mechanical force is applied to the environmental end 9 of the seal, such as during transient pressure 
fluctuations or when the dynamic sealing interface exclusionary edge 16 is required to actively scrape 
contaminants off of an axially moving shaft. The projection 22 of the dynamic sealing lip 12 is 
substantially greater than one-half of the nominal radial compression of the seal so that the seal 
surface at the radially inner circular comer 25 is not brought into contact with the relatively rotating 

15 counter-surface 14, and so that the angulated, axially varying hydrodynamic inlet geometry 1 5 is not 
overly flattened against the relatively rotating counter-surface so that the intended hydrodynamic 
wedging of lubricant into the dynamic sealing interface is not impeded by any undesirable gross 
distortion of the hydrodynamic geometry. 

The static sealing lip 10 has generally the same cross-sectional geometry as the average cross- 

2 0 sectional configuration of the dynamic sealing lip 1 2 except that it is shorter; therefore when the seal 
is compressed, the interfacial contact force profiles and deformation of the two lips are very similar 
in both magnitude and location, and as a result, there is no gross tendency for the seal to twist within 
the gland. This means that the abrupt sharp edge 1 6 remains compressed firmly against the shaft, and 
can perform its intended scraping and exclusionary function so that contaminants from the 

25 environment do not enter the dynamic sealing interface. 

DESCRIPTION OF THE PROBLEM 

Referring again to FIG. 2, the installed axial length 26 of the seal can vary considerably due 
to a number of factors, including tolerances, variations in radial compression, and differential thermal 
expansion, as will be described in detail immediately here-after. 

30 Firstly, the manufacturing tolerance on the length of the seal contributes directly to variations 

in the installed axial length 26 of the seal. 

Secondly, radial compression of the seal causes a corresponding volume of material to be 
displaced axially, resulting in a length increase to the seal. The manufacturing tolerance of the housing 
groove diameter, of the shaft sealing diameter, and of the seal radial cross-section all cause variations 

35 in radial compression of the seal. Lateral offset of the shaft with respect to the housing due to 
bearing clearance and elastic- shaft deflection also causes variations in radial compression of the seal. 
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5 Such unavoidable variations in radial compression contribute significantly to variations in the installed 
axial length 26 of the seal. 

Thirdly, the coefficient of thermal expansion of the elastomeric sealing element is usually about 10 
times greater than that of the housing and shaft, which are usually made from metal. The seal is often 
used in an elevated temperature environment, and also generates its own heat due to lubricant shear 

10 and asperity contact in the dynamic sealing interface. The seal experiences volumetric thermal 
expansion (which is about triple the linear coefficient of thermal expansion), but is confined radially 
and circumferentially, so most of the thermal expansion is relieved axially, which contributes 
significantly to variations in the installed axial length 26 of the seal. 

All of the above mentioned factors can make the installed width of the seal difficult to predict 

15 accurately, and in fact even makes the width vary from one circumferential location to another. The 
gland length 27 is therefore designed to accommodate the worst case installed seal length so that the 
gland cannot become overfilled, which could cause dramatically increased interfacial contact pressure, 
which could in turn damage the dynamic sealing lip due to impairment of the hydrodynamic film, and 
due to the resulting wear and increased local temperature. Under all operating conditions there is by 

20 design sufficient axial clearance 28 between the seal and the gland so as to avoid overfilling of the 
gland. 

In the uncompressed state of the seal 5, the outer diameter of the static sealing lip 10 is a 
larger diameter than the mating counter-surface 1 1 of the installation groove so that radial 
compression occurs at the time of assembly as intended. The diametric difference between the static 
25 lip 10 of the seal and the mating counter-surface 1 1 of the groove also causes the seal to undergo 
circumferential compression at the time of installation, as well as the intended radial compression. 
This circumferential compression causes troublesome secondary effects, as will be described in detail 
here-after. 

If the seal were unrestrained by the gland, the volumetric thennal expansion of the seal at 
30 service temperatures would cause the circumference of the seal to grow considerably. For example, 
with the elastomer HSN wnich has a coefficient of linear thermal expansion of .000093 inches per 
inch per degree f, the unrestrained circumference would grow by about 2.15% with a temperature 
increase of 230" f When the sea! is constrained by the gland, as it is in actual service, the 
circumferential thermal expansion has the effect of placing the seal under additional circumferential 
3 5 compression. 

Since the circumfere nce of the sea! is relatively long in comparison to the cross-section of the 
seal, the load imposed by the installation and thermal expansion imposed circumferential compression 
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5 can cause the seal to bend or buckle within the clearance 28 between the seal and the gland in a 
manner similar to the classic textbook example of the bending or buckling of a long, slender structural 
column under compressive loading. 

When the pressure of the lubricant 6 is higher than that of the environment 7, the hydrostatic 
pressure of the lubricant forces the environmental end 9 of the seal against the gland wall 20 and 
10 supports the seal against the above described circumferential compression-induced buckling, and the 
exclusionary edge 16 is held in the intended non-axially varying position and therefore does not 
generate a hydrodynamic wedging action with the environment in response to relative rotary motion, 
and thereby functions as intended to exclude particulate contaminants from the seal-to-shaft 
interface. 

15 When the pressure of the lubricant 6 is substantially the same as that of the environment 7, 

little or no hydrostatic pressure is present to support the seal against the above described 
circumferential compression induced buckling, and buckling will occur if friction between the static 
sealing lip 10 and the mating counter-surface 1 1 of the groove is insufficient to prevent said buckling. 
(The well lubricated interface between the dynamic sealing lip and the shaft counter-surface provides 

2 0 little or no resistance to buckling.) 

When buckling occurs, the exclusionary edge 16 assumes an unintended skewed, axialiy 
varying position within the gland and therefore can generate an unintended hydrodynamic wedging 
action with the environment in response to relative rotary motion, which can sweep particulate 
contaminants into the seal-to-shaft interface and cause abrasive wear of the seal and shaft. Under ideal 

25 conditions the hydrodynamic wedging action of the exclusionary edge 16 is still minimal when 
buckling occurs because of the scraping action provided by the abrupt shape of the exclusionary edge, 
and because of the corresponding high interfacial contact pressure that occurs between the seal and 
the shaft at the exclusionary edge which creates conditions which are less than ideal for the generation 
of a hydrodynamic wedging action. In some cases, however, the compression induced buckling of the 

30 seal can also cause the buckled portion of the seal to twist within the gland in a counter-clockwise 
direction (as visualized with respect to FIG. 2) causing the sharp edge of the seal to be tilted away 
from the shaft so that the buckled portion of the seal has a gradually converging relationship with the 
shaft (rather than an abrupt relationship) which, in conjunction with the buckling-induced axial 
variation, is eminently suitable for the generation of a hydrodynamic wedging action in response to 

3 5 relative rotation of the shaft which can force contaminants into the seal-to-shaft interface and cause 

rapid abrasive wear of the sea! and shaft. ' 

SUMMARY OF THE INVENTION 
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5 The present invention is a hydrodynaniicaliy lubricated, squeeze packing type rotary shaft seal 

which overcomes the buckling-induced abrasive wear problem previously enumerated. The 
hydrodynamic rotary shaft seal of this invention is provided with an axially varying shape on the 
lubricant side of the dynamic sealing interface for the purpose of hydrodynamic lubrication of the 
dynamic sealing interface, and has a straight, sharp-cornered non-axially varying exclusionary shape 

10 on the environmental side oi'the dynamic sealing interface for the purpose of excluding contaminants. 
More specifically, the hydrodynamic seal of this invention is an evolutionary improvement to the 
commercially available type of hydrodynamic rotary shaft seal which is manufactured and sold by 
Kalsi Engineering, Inc. of Sugar Land, TX under U.S. Pat. No. 4,610,319 and 5,230,520. 

The present invention improves the environmental exclusion performance of the 

15 aforementioned type of hydrodynamic seal when the seal is used in unpressurized or low pressure 
lubricant retention applications in abrasive environments. The improvement is accomplished by 
eliminating the currently experienced and above described compression-induced buckling action and 
the sometimes-concurrent twisting action which can generate an unintended hydrodynamic wedging 
action with the environment in response to relative rotary motion and sweep particulate contaminants 

20 into the seal-to-shaft interface and cause abrasive wear of the seal and shaft. The improved 
performance of the exclusionary feature of the seal results in substantially increased sealing life when 
the seal is used for unpressurized or low pressure lubricant retention applications in abrasive 
environments. 

The invention s a hydrodynamically lubricated, squeeze packing type rotary shaft seal which 
25 incorporates one or more resilient protuberances that serve as axial compression springs and 
cooperate with the gland walls to hold the seal straight in its installation groove in unpressurized and 
low pressure lubricant retention applications, thereby preventing skew-induced wear caused by 
impingement of abrasive contaminants present in the environment, and which also incorporates one 
or more integrally molded h:.-drodynamically lubricated bearings that support the seal against twisting. 
30 These features cooperate to prevent the previously described circumferential compression-induced 
buckling and twisting of thi* seal that can lead to premature abrasive wear of the sea! and shaft. 
BRIEF DESCRIPTfON OF THE DRAWINGS 
So that the manner in which the above recited features, advantages, and objects of the present 
invention are attained and can be understood in detail, a more particular description of the invention, 
35 briefly summarized above, may be had by reference to the embodiments thereof which are illustrated . 
in the appended drawings. 

It is to be noted, however, that the appended drawings only illustrate typical embodiments of this 
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5 invention, and are therefore not to be considered limiting of its scope, for the invention may admit 
to other equally effective embodiments. 

[N THE DRAWINGS 
FIG. 1 is a partial cross-sectional illustration of a housing and rotary shaft arrangement 
incorporating a hydrodynamic seal representative of the prior art. 
10 FIGS. 2 and 2A are fragmentary sectional views of a general purpose hydrodynamic seal 

representing the prior art and shown in FIG. 2 to be located in radially compressed condition within 
a sealing gland and establishing hydrodynamic sealing engagement with a rotary shaft; the sea! being 
shown in the uncompressed condhion thereof in FIG. 2A. 

FIG. 3 is a flat development which represents the configuration of the sealing interface of a 
15 prior art hydrodynamic seal and which illustrates the theoretical generation of the hydrodynamic 
wedging or pumping action thereof 

FIGS. 4A, 4B and AC are fragmentary illustrations of a hydrodynamic rotary shaft seal 
representing the preferred embodiment of the present invention with the end view 4A and the cross- 
sectional view FIG. 4B showing the uncompressed condition of the seal, and with the cross-sectional 
20 view FIG. 4C illustrating the compressed condition of the seal as installed within a gland and 
establishing hydrodynamic sealing engagement with a rotary shaft. 

FIGS. 5 A through 10 are fragmentary sectional views of squeeze packing seals representing 
various alternate embodiments of the present invention being shown in the uncompressed condition 
thereof 

25 DETAILED PESCRIPTION OF PREFERRED EMBODIMENT 

Referring now to the drawings, and specifically to FIGS. 4A, 4B and 4C, there are shown two 
views that represent the uncompressed configuration of the improved hydrodynamic rotary shaft seal 
representing the preferred embodiment of this invention, and one view that represents the compressed 
configuration of the squeeaie packing type seal of this invention. 

3 0 FIG. 4A is a fragmentary end view of the lubricant end of the seal in the uncompressed configuration, 
and FIG. 4B is a fragmentaiy cross-sectional' view of the seal in the uncompressed configuration. 
FIGS. 4A and 43 are oriented in third angle projection with respect to one another so that they can 
be interpreted together by the standard conventions of multi and sectional view orthographic drawing 
projection practiced in the United States and described in ANSI Y14.3-1975, an Industry 

3 5 Standardization Document promulgated by ASNIE. Section 3-4.2. 1 has been interpreted to mean that 
the circular body of the seal should be cross-hatched in sectional view, while the protuberances 
(described below) should be drawn in outline form without cross-hatch lines to avoid conveying a 
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5 false impression of circumferential solidity. 

FIG. AC is a fragmentary view which represents the cross-sectional configuration of the seal 
of the present invention when located within its seal groove and radially compressed between the 
rotary shaft and the radially outer wall of the seal groove under conditions where the lubricant and 
environment pressures are substantially the same. In FIG. AC there is shown a cross-sectional view 

10 of a sealed rotary shaft assembly including a housing 102 from which extends a rotary shaft 103. The 
housing defines an interna! seal installation groove, seat or gland 104 within which is located a ring 
shaped hydrodynamic rotary shaft sealing element 105 which is constructed in accordance with the 
principles of the present invention. The sealing element is a resilient, ring shaped squeeze packing that 
maybe composed of any one of a number of suitable materials including elastomeric or rubber-like 

15 sealing material and various polymeric sealing materials, or any suitable combination thereof, 
including a composite construction where one end of the seal is of a different hardness than the other. 

The hydrodynamic seal 105 is used as a parthion to separate the lubricant 106 contained 
within the housing 102 from the environment 107, and to prevent intermixing of the lubricant and the 
contaminant matter present whhin the environment. The environment usually contains highly abrasive 

20 particulate matter within a liquid vehicle. From an overall orientation standpoint, the end of the 
circular sealing element 1 05 which is oriented toward the lubricant is surface 108 and the end of the 
seal which is oriented toward the environment 107 is surface 109, the inner diameter of the seal is 
represented at 113, and the outer diameter is represented at 114. The compressed configuration of 
the seal shown in FIG. AC is representative of its shape when the lubricant 106 and the environment 

25 1 07 are at substantially the same pressure. 

When the seal 105 is installed in the circular seal groove or seat 104, a circular radially 
protruding static sealing lip 1 10 is compresse'd against a counter-surface 1 1 1 of the groove per the 
teachings of U.S. Patent 5,230,520. At the inner periphery' of the circular sealing element 105 there 
is provided an inner circumfirential protuberance 1 12 that defines a dynamic sealing surface 1 13 that 

30 is compressed against a counter-surface 114 of the rotatabie shaft 103. The circular seat or seal 
groove 104 of the housing 102 is sized to hold the resilient circular sealing element 105 in radial 
compression against the cylindrical sealing surface 1 14 of the shaft 103, thereby initiating a static seal 
with the housing and shaft in the same manner as any conventional squeeze packing seal, such as 
an 0-Ring. When shaft rotation is not present, a liquid tight seal is maintained at the static sealing 

35 interface between the static sealing lip 1 10 and the mating peripheral counter-surface 1 1 1 of the seat, 
and between the dynamic sealing lip 1 12 and the counter-surface 1 14 of the shaft 103. 

When shaft rotation takes place, the hydrodynamic seal remains stationary with respect to the 
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5 housing, and maintains a static sealing interface with said housing, while the seal-to-shaft interface 
becomes a dynamic sealing interfece. The inner peripheral surface of the hydrodynamic seal inner lip 
112 incorporates a special patented geometry that promotes long seal life by hydrodynamically 
lubricating the dynamic seai-to-shaft interfacial zone, and by excluding environmental contaminates 
from the seal to shaft interface; this special geometry consists of a wavy, axially varying edge 1 1 5 on 

10 the lubricant side of the lip and a straight, sharp edge 1 1 6 on the environmental side of the lip per the 
teachings of U.S. Patent 4,610,3 19. FIGS. 4B and 4C are taken at a circumferential location which 
represents the average interfacial contact width of the dynamic sealing interface, which corresponds 
to the mid-point in the wave height of the geometry described in U.S. Pat. No. 4,610.319 which 
generates the lubricant wedging action. 

15 As relative rotation of the shaft takes place, the wavy, axially varying edge 1 15 on the 

lubricant side of the lip, which has a gradually converging relationship with the shaft in the axial and 
circumferential directions, generates a hydrodynamic wedging action that introduces a lubricant 
film between the seal inner surface 113 and the counter-surface 1 14 of the shaft per the previously 
described teachings of U.S. Patent 4,610,319. This lubricant film physically separates the seal and the 

20 shaft, and thereby prevents the typical dry rubbing type wear associated with conventional non- 
hydrodynamic squeeze packing type seals, and thereby prolongs seal and mating shaft surface life and 
makes higher service pressures practical. The geometry of the hydrodynamic inlet geometry can take 
any one of many suitable forms that result in a gradually converging, axially varying shape at the 
lubricant side of the dynamic sealing lip without departing from the spirit or scope of the present 

25 invention. 

The sharp circular comer 1 16 of the environmental side of the seal is not axially varying, and 
does not generate a hydrodynamic wedging action with the environment in response to relative rotary 
motion, and thereby functions to exclude paniculate contaminants from the seal-to-shafi interface per 
the previously described teachings of U.S. Patent 4,610,3 19. Slight axial shaft motions occur in many 

30 types of rotating machinery due to component flexibility and various internal clearances. The sharp 
comer 116, which is commonly known as the exclusion side or exclusion edge, excludes contaminants 
by performing a shaft scraping function during such axial shaft motions. Thus, as relative axial 
movement occurs between the shaft and seal, accumulated contaminants are scraped from the sealing 
surface of the shaft so that the dynamic sealing interface remains free of contaminants. This 

35 exclusionary action is described in detail in U.S. Pat. No. 4,610,319. 

The projection 121 of the static sealing lip is usually less the than or equal to one-half of the 
nominal radial compression .if the seal per the teachings of U.S. Patent 5,230,520 so that most or all 
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5 of the seal surface from circular corner 123 to circular comer 124 is brought into direct contact or 
close proximity with the mating counter-surface 1 1 1 of the seating groove when the seal is 
compressed. The close prowmity and/or contact between the seal and the seat groove in the general 
vicinity of circular corner 1 23 provides stability against clockwise twisting of the seal within the 
gland, with the clockwise direction being visualized with respect to FIG. AC. This seal stabilization 

10 feature is important in implenientations where a hydrostatic and/or mechanical force is applied to the 
environmental end 109 of the seal, such as during transient pressure fluctuations or when the dynamic 
sealing interface exclusionary edge 1 16 is required to actively scrape contaminants off of an axially 
moving shaft. The projection 122 of the dynamic sealing lip 112 is substantially greater than one-half 
of the nominal radial compression of the seal per the teachings of U.S. Patent 5,230,520 so that the 

15 angulated, axially varying hydrodynamic inlet geometry 115 is not overly flattened against the 
relatively rotating counter-surface so that the intended hydrodynamic wedging of lubricant into the 
dynamic sealing interface is not impeded by any undesirable gross distortion of the hydrodynamic 
geometry. The radially inward projection of lip 1 12 is shown by dimension 122. 

Except for being shorter, the static sealing lip 110 has generally the same cross- sectional 

20 geometry as the average cross-sectional configuration of the dynamic sealing lip 112 per the teachings 
of U.S. Patent 5,230,520; therefore when the seal is compressed, the interfacial contact force profiles 
and deformation of the two ^ips are very similar in both magnitude and location and as a result, there 
is no gross tendency for the seal to twist within the gland due to gross non-symmetric compression. 
The principle geometric feature of the present invention is the presence of a plurality of 

2 5 resilient protuberances 200 that serve as compression springs in the axial direction and serve as radial 
bearings in the radial direction. The protuberances project axially from the circular body of the seal 
by the axial projection dimension 201 and project radially inward from the circular body of the seal 
by the radial projection dimension 203. 

The magnitude of the radially inward projection 202 of the resilient protuberances 200 is 

30 approximately equal to the radially inward projection 122 of the dynamic lip 112 less the nominal 
compression of lip 1 12, so that when the seal is compressed within its gland, the radially inward 
projection is in nominal comaci with the relatively rotating counter-surface 1 14 of the shaft 103 at 
radial bearing surface 204. Depending on tolerances and lateral offset between the shaft and housing, 
the positional relationship bt:tween the radial bearing surface 204 and the shaft surface 1 14 may range 

35 from slight clearance to slight radial compression. The nominal contact between the radial bearing 
surface 204 and the shaft pi ovides stability against counter-clockwise twisting of the seal within the 
gland, with the counter-clockwise direction being visualized with respect to FIG. 4C, so that the 
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5 abrupt circular exclusionary comer 1 16 remains in firm coniact with the shaft so that it can perform 
its intended exclusionaiy function. The radial bearing surface 204 employs a geometry which provides 
a gently converging relationship with the shaft in the circumferential direction, as illustrated by the 
radius 203 depicted in the end view of figure 4A. The gently converging relationship between the 
radial bearing surface 204 and the counter-surface 1 14 of the shaft serves to hydrodynamically wedge 

10 a hibricant film into the contact zone between the projection and the shaft in response to relative shaft 
rotation. This lubricant film physically separates the radial bearing surface 204 and the shaft, 
and thereby prevents the unlubricated finction-induced heat and torque that would be associated with 
dry rubbing type wear. The size, shape, and hydrodynamic inlet geometry of the radial bearing can 
take any one of many suitable forms that result in a gradually converging relationship with the shaft 

15 without departing from the spirit or scope of the present invention. 

When the circular seating element^ 105 is located within its seal groove and radially 
compressed between the rotary shaft and the radially outer wall of the seal groove, the radial 
compression of the seal causes the compressed material to be displaced axially, resulting in a length 
increase to the seal in the axial direction. 

20 The coefficient of thermal expansion of the resilient sealing element is usually about 10 times 

greater than that of the housing and shaft, which are usually made from metal. The seal is often used 
in an elevated temperature environment, and also generates its own heat due to lubricant shear and 
asperity contact in the dynamic sealing interface. The seal experiences volumetric thermal expansion 
(which is about triple the linear coefficient of thermal expansion), but is confined radially and 

25 circumferentially, so most of the thermal expansion is relieved axially, resulting in a length increase 
to the seal in the axial direction. 

The room temperature uncompressed overall length 205 of the seal and the overall length 206 
of the gland are sized so th^t the installed, in-service length increase of the seal causes the resilient 
protuberances 200 to experience axial compression against the lubricant side gland wall 207 and 

30 causes the environmemal end 109 of the seal to read against the environment side gland wall 120. 
Since the resilient protuberances 200 are of much lighter construction than the circular body of the 
seal, most of the above mentioned axial compression of the seal is absorbed by deflection of the 
resilient protuberances 200. The force resulting fi-om axial compression of the resilient protuberances 
200 forces the environmental end 109 of the seal into firm contact with the environmemal gland wall 

35 120 and supports the seal against (the previously described) circumferential compression induced 
buckling that could otherv^ ise occur, and the abrupt exclusionary corner 16 is therefore held in the 
intended non-axially varying position and therefore can not generate a hydrodynamic wedging action 
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5 with the environment in response to relative rotary motion, and thereby functions as intended to 
exclude particulate contaminants from the seal-to-shaft interface. 

As mentioned previously, the seal shown in FIG. AC is illustrated as it would be oriented when 
the pressure of the lubricant 106 and environment 107 are substantially the same, and the seal is being 
forced against the environmental gland wall by the axial compression of the resilient protuberances 

10 200. Since the environment end 1 09 of the seal has the same shape as the environmental gland wall 
120, and since the extrusion gap 208 between the housing and shaft is small, the seal as shown in 
FIGS. 4 A, 4B and 4C is also well suited for service conditions where the lubricant pressure 106 is 
significantly greater than that of the environment, because the seal is well supported against the 
differential pressure by the gland wall, and the general shape of the seal is therefore not distorted by 

15 the differential pressure acting over it. 

Although the dynamic sealing lip and the static sealing lip are shown in FIGS. 4A, 4B and 4C 
to be positioned at the extreme environmental end of the seal for favorable support should the seal 
be employed in high differential pressure lubricant retention service, such lip placement is not 
mandatory for low pressure differential service provided that the lips are positioned in an opposed 

20 manner so that radial compression of the seal under low pressure conditions does not induce twisting 
of the seal within its gland. 

Spacing 205 is provided between the resilient protuberances 200 to serve several critical 
functions. The spacing 205 provides room for thermal expansion of the resilient protuberances 200, 
and provides room for material displaced circumferentially by axial compression of the resilient 

25 protuberances 200. If Spacing 205 were not provided, the seal could overfill the gland, which would 
dramatically increase interfacial contact pressures, which would have a significant negative effect on 
seal performance. The spacing 205 between the resilient protuberances 200 also provides lubricant 
communication to the hydraulic inlet geometry 115 of the dynamic sealing lip 1 12. The spacing 205 
between the resilient protuberances 200 is close enough so that the seal spans between the supporting 

30 protuberances do not deflect excessively when the seal is exposed to conditions where the pressure 
of the environment 107 is up to approximately 1 50 psi higher than the pressure of the lubricant 106; 
such excess deflection wou'd cause axial variation in the position of corner 1 16 that could generate 
a hydrodynamic wedging action with the ejivironnieni in response to relative rotary motion of the 
shaft. (150 psi is believed to be the upper bound of reverse pressure seen by a rotary seat that is 

3 5 mounted in a sliding piston to serve as a panioning device between the lubricant and the environment 
in a drilling motor sealed bearing assembly.) 

This invention has application where rotary shafts are sealed with respect to a housing with 
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5 either the housing or the shaft being the rotary member. The projecting dynamic and static sealing lips 
can be on the inside and outside of the seal cross-sectional shape when the seal is compressed in the 
radial direction, with the dynamic lip being located on either the inner or the outer periphery. 
Alternately, the projecting dynamic and static sealing lips can be on opposite ends of the seal cross- 
sectional shape when the seal is compressed in an axial direction against relatively rotating planar 
10 counter-surfaces. 

DESCRIPTION OF ALTERNATIVE EMBODIMENTS 

FIG. 5 illustrates an alternate embodiment of the invention in the uncompressed configuration 
wherein a hydrodynamic seal 305 is shown that is substantially identical to the embodiment shown 
in FIG, 4A, 4B and 4C except that the dual functions of the resilient protuberances 200 shown in 
15 FIG. 4A, 4B and AC are instead performed independently by the separate resilient protuberances 300 
and 350 of FIG. 5. A plurality of resilient protuberances 300 serve as compression springs in the axial 
direction to hold the abrupt circular comer 316 the intended non-axially varying position, and a 
plurality of resilient protuberances 350 serve as radial bearings in the radial direction to provide 
stability against counter-clockwise twisting of the seal within the gland, with the counter-clockwise 
20 direction being visualized with respect to FIG. 5. 

FIG. 6 illustrates an alternate embodiment of the invention in the uncompressed configuration 
wherein a hydrodynamic seal 405 is shown that is very similar to the embodiment shown in FIG. 4 A, 
4B and 4C except that the resilient protuberances 400 only have one function; to serve as 
compression springs in the a>dal direction to hold the'abrupt circular comer 416 in the intended non- 
25 axially varying position. The radial bearing function disclosed in FIGS. 4 A, 4B, and 4C is not 
incorporated. The resilient protuberances 400 could be on the lubricant side, as shown, or on the 
environmental side, or in opposing positions on both the lubricant and the environmental sides, and 
still fulfill the function of holding the abrupt circular corner 416 in the intended non-axially varying 
position via axial compresf ive force. ^ 
3 0 FIG. 7 illustrates an alternate embodiment of the invention in the uncompressed configuration 

wherein a hydrodynamic seal 505 is shown that is very similar to the embodiment shown in FIG. 4A, 
4B and 4C except that tht: resilient protuberances 500 only have one function; to serve as radial 
bearings in the radial direction to provide stability against counter-clockwise twisting of the seal 
within the gland so that the exclusionar>' edge does not become tilted in service, with the counter- 
35 clockwise direction being visualized with respect to FIG. 7. The a.xial spring function disclosed in 
FIGS. 4A, AB, and 4C is not incorporated. 

FIG. 8 illustrates an alternate embodiment of the invention in the uncompressed configuration 
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wherein a hydrodynamic sea! 605 is shown that, instead of a plurality of resilient protuberances, 
incorporates a single circular resilient protuberance 600 that serves as a compression spring in the 
axial direction to hold the abrupt circular comer 616 in the intended non-axially varying position. 
Space is provided on the ID and OD of circular resilient protuberance 600 for thermal expansion of 
circular resilient protuberance 600 and for material displaced by compression of circular resilient 
protuberance 600. 

FIG. 9 illustrates an iiltemate embodiment of the invention in the uncompressed configuration 
wherein a hydrodynamic seal 705 is shown that is identical in external geometry to the embodiment 
shown in FIG. 6; the resilient protuberances 700 only have one function; to serve as compression 
springs in the axial direction to hold the abrupt circular comer 71 6 in the intended non-axially varying 
position. The radial bearing function disclosed in FIGS. 4A, 4B, and 4C is not incorporated. The 
difference between this embodiment and that of FIG. 6 is that this embodiment is a composite of two 
different resilient materials, rather than being made entirely from one material. The resilient material 
composing length 761 is a relatively hard material, which provides the required abrasion resistance 
for the rotary service. The resilient material composing length 760 is a relatively soft material that 
provides a lower axial spring force compared to a seal made entirely out of the harder material. 

As will be readily apparent to those skilled in the art, the present invention may be produced 
in other specific forms without departing from hs spirit or essential characteristics. The present 
embodiments are therefore to be considered as illustrative and not restrictive. 
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5 WHAT IS CLAIMED IS: 

1 . A skew and twist resistant rotary seal adapted to be received within a circular sea! 
groove of a housing defined by first and second spaced seal groove walls and a peripheral seal groove 
wall for sealing with the housing and a relatively rotatable surface within the housing, comprising: 

(a) a circular body of resilient material adapted to be received within said seal 
5 groove of said housing and defining first and second axial ends; 

(b) at least one circular dynamic sealing projection extending radially from said 
circular body of resilient material for sealing engagement with said relatively rotatable surface; 

(c) resilient means projecting axiaily fi'om said first axial end for engagement with 
said first seal groove wall and maintaining said second axial end in engagement with said second seal 

10 groove wall to prevent skewing of said rotary seal within said seal groove; and 

(d) bearing means projecting radially from said circular body of resilient material 
and being located in the region of said first axial end for dynamic bearing engagement with said 
relatively rotatable surface lo prevent twisting of said rotary seal within said seal groove. 



circular body of resilient material and being oriented for circular contact with said first seal groove 



3. The skew and twist resistant rotary seal of claim I , said resilient means comprising: 
a plurality of axiaily extending resilient protuberances each being integral with said 

20 first end of said circular body of resilient material and being in spaced relation with one another and 
being oriented for contact vvith said first seal groove wall. 

4. The skew and twist resistant rotary seal of claim 1 , said bearing means comprising: 
a plurality of bearing elements projecting radially from said circular body of resilient 

material for bearing engagement with said relatively rotatable surface and being disposed in spaced 
2 5 relation with one another. 



15 



2. 



The skew and twist resistant rotary seal of claim 1, said resilient means comprising: 
an annular axiaily extending protuberance being integral with said first end of said 



wall. 
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5. The skew and twist resistant rotary seal of claim 4, wherein: 

said plurality of bearing elements each being of a configuration for defining a gently 
converging relationship with said relatively rotatable surface and providing for hydrodynamic wedging 
of a lubricant film between said bearing surfaces and said rotary shaft responsive to rotation of said 
5 relatively rotating. 

6. The skew and twist resistant rotary seal of claim 1 , further comprising: 

a plurality of resilient protuberances projecting axially and radially from said first end 
of said circular body of resilient sealing material and defining said resilient means and said bearing 
means and being adapted for force transmitting engagement with said first end surface of said circular 
10 seal groove for maintaining said second end surface of said circular body of resilient sealing material 
in engagement with said second end surface of said circular seal groove to prevent skewing of said 
rotary seal within said seal groove and adapted for bearing engagement with said relatively rotatable 
surface to prevent twisting of said rotary seal within said seal groove. 

7. The skew and twist resistant rotary seal of claim 1 , wherein said housing defines an 
15 internal lubricant chamber to which said relatively rotating surface is exposed and said housing is 

adapted to be located within an environment having contaminants therein, said rotary seal being 
adapted to establish a seal between said lubricant chamber and said environment, said dynamic sealing 
projection comprising: 

(a) a circular sealing lip being integral with said circular body of resilient sealing 
20 material and projecting radially therefrom and defining a peripheral sealing surface for sealing 

engagement with said relatively rotating surface; 

(b) an afigulated axially varying hydrodynamic inlet geometry being defined by one 
axial end of said circular sealing lip and being exposed to said lubricant chamber and providing for 
hydrodynamic wedging of a lubricant film between said peripheral sealing surface and said relatively 
rotating surface responsive to rotation of said relatively rotating surface; and 

(c) a sharp edged circular exclusionary geometry being defined by the other axial 
15 end of said circular sealing lip and adapted to be exposed to said environment for excluding 

environment intrusion at the interface of said peripheral sealing surface and said relatively rotating 
surface. 
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8. The skew and twist resistant rotary seal of claim 7. further comprising: 

a static sealing projection extending radially from said circular body of resilient sealing 
material and being adapted for sealing engagement with said housing, said static sealing projection 
being located in generally diametrically opposed relation with said circular sealing lip. 

5 9. The skew and twist resistant rotary seal of claim 8, wherein: 

said static sealing projection and said circular sealing lip each being located at one 
axial extremity of said circular body of resilient sealing material. 

10. The skew and twist resistant rotary seal of claim 8, wherein: 

said static sealing projection and said circular sealing lip each being located 
10 intermediate the axial extremities of said circular body of resilient sealing material. 



11. A skew and twist resistant rotary seal adapted to be received within a circular seal 
groove of a housing defined by first and second spaced seal groove walls and a peripheral seal groove 
wall for sealing with the he jsing and a relatively rotatable surface within the housing, comprising: 

(a) a circular body of resilient material adapted to be received within said seal 
15 groove of said housing and defining first and second axial ends; 

(b) at least one circular dynamic sealing projection extending radially from said 
circular body of resilient material for sealing engagement with said relatively rotatable surface; and 

(c) at least one resilient projection extending axially from said first axial end for 
engagement with said first seal groove wall and maintaining said second axial end in engagement with 

20 said second seal groove wjrll to prevent skewing of said rotary seal within said seal groove. 

12. The skew and twist resistant rotary seal of claim 1 1 , wherein said housing defines an 
internal lubricant chamber to which said relatively rotating surface is exposed and said housing is 
adapted to be located within an environment having contaminants therein, said rotary sea! being 
adapted to establish a seal between said lubricant chamber and said environment, said dynamic sealing 

25 projection comprising: 

(a) a circular sealing lip being integral with said circular body of resilient sealing 
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material and projecting radially therefrom and defining a peripheral sealing surface for sealing 
engagement with said relatively rotating surface; 

(b) an angulated axially varying hydrodynamic inlet geometry being defined by one 
10 axial end of said circular sealing lip and being exposed to said lubricant chamber and providing for 

hydrodynamic wedging of a lubricant film between said peripheral sealing surface and said relatively 
rotating surface responsive to rotation of said relatively rotating surface; and 

(c) a sharp edged circular exclusionary geometry being defined by the other axial 
end of said circular sealing lip and adapted to be exposed to said environment for excluding 

15 environment intrusion at the interface of said peripheral sealing surface and said relatively rotating 
surface. 



13. The skew and twist resistant rotary seal of claim II, wherein: 

said at least one resilient projection being of annular configuration and defining an 
annular surface disposed for force transmitting contact with said first seal groove surface. 

14. The skew and twist resistant rotary seal of claim 1 1 , wherein: 

5 said at least one resilient axial projection being a plurality of spaced axially extending 

projections each adapted for force transmitting engagement with said first seal groove surface. 



1 5. The skew and twist resistant rotary seal of claim 1 1, further comprising: 

a plurality of bearing elements projecting radially from said circular body of resilient 
material for bearing engagement with said relatively rotatable surface and being disposed in spaced 
10 relation with one another. 



16. The skew and twist resistant rotary seal of claim 1 5, further: 

(a) a pljraliiy of spaced axially extending projections each adapted for force 
transmitting engagement with said first seal groove surface; and 

(b a plurality of bearing elements each being of a configuration for defining a 
15 gently converging relationship with said relatively rotatable surface and providing for hydrodynamic 
wedging of a lubricant film between said bearing surfaces and said rotary shaft responsive to rotation 



t 



W097A>1721 

of said relatively rotating surface. 
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17. The skew and twist resistant rotary seal of claim 1 1 , further comprising: 

a plurality of spaced projections extending axially from said first end surface of said 
circular body of resilient material and being adapted for force transmitting engagement with said first 
seal groove surface to maintain said second end surface of said circular body of resilient material in 
seated and supported relation with said second seal groove surface, at least some of said plurality of 
spaced projections also extending radially and defining bearing surfaces for bearing engagement with 
said relatively rotating suiface and being of a configuration for defining a gently converging 
relationship with said rela:ively rotatable surface and providing for hydrodynamic wedging of a 
lubricant film between said bearing surfaces and said relatively rotating surface responsive to rotation 
of said relatively rotating surface. 

1 8. The skew and twist resistant rotary seal of claim 1 1 , ftirther comprising: 

(a) said circular body of resilient material having a predetermined modulus of 

elasticity; 

(b) a circular low modulus body section extending axially from said circular body 
of resilient material and having a lower modulus of elasticity as compared to said circular body of 
resilient material; and 

(c) said ai least one resilient projection being supported by and extending axially 
from said circular low modulus body section, 

19. A skew and twist resistant rotary seal adapted to be received within a circular seal 
groove of a housing defined by first and second spaced seal groove walls and a peripheral seal groove 
wall for sealing with the housing and a relatively rotatable surface within the housing, comprising: 

(a) a circular body of resilient material adapted to be received within said seal 
groove of said housing and defining first and^second axial ends; 

(b) at le.ist one circular dynamic sealing projection extending radially from said 
circular body of resilient material for sealing engagement with said relatively rotatable surface; and 

(c) a plurality of bearing elements projecting radially from said circular body of 
resilient material forbearing engagement with said relatively rotatable surface and being disposed in 
spaced relation with one another. 
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20. The skew and twist resistant rotary seal of claim 1 9, wherein said housing defines an 
internal lubricant chamber to which said relatively rotating surface is exposed and said housing is 
adapted to be located within an environment having contaminants therein, said rotary sea! being 
adapted to establish a seal between said lubricant chamber and said environment, said dynamic sealing 
5 projection comprising: 

(a) a circular sealing lip being integral with said circular body of resilient sealing 
material and projecting radially therefrom and defining a peripheral sealing surface for sealing 
engagement with said relatively rotating surface; 

(b) an angulated axially varying hydrodynamic inlet geometiy being defined by one 
10 axial end of said circular scaling lip and being exposed to said lubricant chamber and providing for 

hydrodynamic wedging of a lubricant film between said peripheral sealing surface and said relatively 
rotating surface responsive to rotation of said relatively rotating surface; and 

(c) a sharp edged circular exclusionary geometry being defined by the other axial 
end of said circular sealing lip and adapted to be exposed to said environment for excluding 

15 environment intrusion at the interface of said peripheral sealing surface and said relatively rotating 
surface. 



21. The skew and twist resistant rotary seal of claim 20, further comprising: 

at least one resilient projection extending axially from said first axial end for 
engagement with said first soal groove wall and maintaining said second axial end in engagement with 
20 said second seal groove wall to prevent skewing of said rotary seal within said seal groove. 

22. The skew and twist resistant rotary seal of claim 2 1 , further comprising: 

said at least one resilient projection being of annular configuration and defining an 
annular surface disposed for force transmitting contact with said first seal groove surface. 

23. The skew and twist resistant rotary seal of claim 2 1 , wherein: 

25 said at least one resilient projection being a plurality of spaced axially extending 

projections each adapted for force transmuting engagement with said first seal groove surface. 

24. The skew and twist resistant rotary seal of claim 19, further comprising: 
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a plurality of spaced projections extending axially from said first end surface of said 
circular body of resilient materia! and being adapted for force transmitting engagement with said first 
seal groove surface to maintain said second end surface of said circular body of resilient material in 
seated and supported relation with said second seal groove surface, at least some of said plurality of 
spaced projections also extending radially and defining bearing surfaces for bearing engagement with 
said relatively rotating suiface and being of a configuration for defining a gently converging 
relationship with said relatively rotatable surface and providing for hydrodynamic wedging of a 
lubricant film between said bearing surfaces and said relatively rotating surface responsive to rotation 
of said relatively rotating surface. 



wo 97/01721 



PCT/CSM/10733 



1/3 



FJG.1 

(PRIOR ART) 




n 20 




25 6 15 13 16 7 



m,2 

(PRIOR ART) 




15 
F!G.2A 

(PRIOR ART) 



FIG.3 
(PRIOR ART) 



-19 



wo 97/01721 PCT/CS96/10733 



2/3 



— 205 — 
110 114 




114 

FIG. 4C 



110 




flG. 5A ,r,G. 5B 



INTERNATIONAL SEARCH REPORT 



Intcmatioiul application No. 
PCT/US96/10733 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(6) :F16J 9/06 
USCL : 277/165 

According to international Patent Clagiification (IPC) or lo both national clarification and IPC 



B. FIELDS SEARCHED 



Minimum documeotation searched (classification system followed by classification symbols) 
U.S, : 277/165, 134, 177.211,215 



Documentation searched other than minimum docutnenUtion to the extent that luchdocumenU arc included in the fields searched 
none 



Electronic dau base consulted during the international search (name of data base and, where practicrtle, search terms used) 
none 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category' 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US, A, 5,127,661 (Franson et a!,) 7 July 1992, see figure 6. 



US, A, 5,230,520 (Dietle et al.) 27 July 1993, see figure 3. 

US, A, 3,027,168 (Herbruggen) 27 March 1962, see figures 
2 and 3. 

US, A, 4,865,170 (Ciepichal) 12 September 1989, see figure 
6. 

US, A 3,970,321 (Dechavanne) 20 July 1976, see figure 2. 



I, 2, 3, 4, 5, 6, 

II, 13, 14, 15, 
16, 17, 19 and 
24 

11, 12 and 13 
11 and 14 

I, 2, 11 and 13 

II, 13 and 18 



|~] Further documents are listed in the continuation of Box C. See patent family annex. 



Specklcueione* of cited documeati: 

document dcrinini the ttaera) mtc of the lit which b DM MOiidend 
to be of puiiculir rIcvucc 

culiei document publiibtd oa or «fier the mtenutioiul niiaf due 

documtnt which any thraw doubu oo priority cUimd} or which ti 
cited to ctiabUib the publiatMa dtic of uotber ciudoa or other 
•peckl rcMOti (m ■peciTied} 

docuneal rtferrinf to u onJ diiclMiire. uie. exhibiiJoD or other 



dftffiimftit publitbed prior to the inienittioDil nitni dite but Uter thu 
the priority dtt cU^ped 



*F hier doetannil poUiibed ■Iter the btfmitioatl fUmg date or priori^ 

due tad oot n conflict with the appUcMioo bul ched lo imdcrmad the 
principk or ibooiy uudcrfybii the mvcstioa 

*X* documoti of pwticubr rclevnce; the dumed bveaiioo ctaaot be 
ooofidcrcd bovcI or cuDot be ooniidcrad to bvotve aa invaitivc ncp 
whca the documcotb takea alooc 

'Y* docvnunt of puticulu relcvuice; the cUimed bvemioo caoDot be 
coQtidcral to tavoKc an ioveiitive Hep wbea the documtot b 
ootnbioed with one or oiore other ntch docuaieBti, luch oombicalioa 
beinf obvioui to a pcnoa ikilled in the art 

*&* documtotmasberoftheaatnspaieatfamiJy 



Date of the aaual complaion of the international search 
11 OCTOBER 1996 



Name and mailing address of the ISAAJS 
Commtuioiter of Pitenu tod Tndemirks 
Box PCX 

Wtfhiqgton, D.C. lOai 
Facs'tmile No. 002) 305-3230 



Date of mailing of the international search report 



_1JLQPD93B— ^ 



Authorized officer 

DANIEL G 
Telephone No. r703) 308-1 113 



Form PCT/lSA/210 (second ihect)(July 1992)* 



